
Indoor Environmental Quality:  
Investigating the Problem

Charles S. McCammon, Ph.D., CIH

Tri-County Health Department





Introduction

Politically Correct to say “Indoor 
Environmental Quality” – IEQ
Refers to any number of Building Associated 
Problems Including:
– Comfort Complaints
– Odor Complaints
– Sick Building Syndrome
– Building Related Illness



How Big Is the Problem?

In 1990, EPA Estimate $65 Billion in Lost 
productivity:  Value > $100 B Now
EPA still ranks IAQ as #2 Environmental Issue
Why should you care about IAQ?
– $$$$$$$$$$$$$$$$$$$$$$$$$
– Civil lawsuits  = $$$$$$$
– Employee productivity.
– Employee satisfaction.
– Worker compensation claims = $$$$$
– A Call from OSHA



Background

Why did we not hear about IAQ until 70-80s?

Arab Oil Embargo of 1973
– ASHRAE Changed from 15 cfm to 5 cfm Outside Air per 

person- term “Tight Building Syndrome”

Legionella Outbreak 1976
– Realization that buildings can make you sick (even die!)

Awareness of Problem







Building Associated Illnesses

Complaint or Symptom Rates are Elevated

Investigation Confirms Relationship to 
Occupancy in Building

Occupants Feel Better Over Weekend, Start 
Getting Sick Early on Monday A.M.



Sick Building Syndrome - SBS

Symptoms Abate Upon Leaving and Worsen 
Upon Reentry of Building

Characterized by Absence of Routine 
Physical Signs and Clinical Abnormalities, 
i.e., Doctors can’t see what makes them sick

Symptoms NOT Associated with Specific 
Environmental or Other Casual Agents



SBS Symptoms-WHO

Eye, Nose, Throat Irritation
Dry Mucous Membranes and Skin
Mental Fatigue
Headaches
Lethargy
Nausea and Dizziness
Airways Infection and Cough 



Comfort and Odor Complaints

Most Common of Building Complaints
– Too Hot
– Too Cold
– High/Low RH can trigger complaints

Odors
– Most Common Trigger for Perception of 

Poor Indoor Air Quality
– Can result in nausea, headache, fatigue



Building Related Illness

Real Deal, like Legionella Outbreak
Have Known Causes
Accompanied by Physical Signs and 
Laboratory Findings, Docs can diagnose
Diseases Associated with Contamination 
Problems
– Infectious Microorganisms
– Allergenic compounds, e.g., molds
– Chemicals



Possible Causes for Increased 
Complaints in IAQ

Physical Factors – >50% 
– HVAC system, design, maintenance, etc.

Chemical 
Biological
Psychological



Common Chemical Sources in 
IAQ 

Tobacco smoke- slowly dissipating as 
problem area
Volatile Organic Compounds (VOCs)
– Formaldehyde-outgasses from many new 

products
Gases, like CO from combustions and 
Ozone from copiers/printers
Biocides, pesticides, etc. 



Physical Factors

Inadequate Ventilation is #1
– Not enough outside air
– Poor air distribution
– Poor air filtration
– Poor location of outside air intake
– Modification of offices without HVAC mods
– Poor location/type of air diffusers
– No return air



How are IAQ Investigations 
Conducted?



IAQ  Investigations

Building Characterization
Symptom Survey
Ventilation System Evaluation
Source Identification
Sampling
Remediation



Building Characterization

Type and age of building
Construction materials
Primary uses
Cleaning practices



Type and Age of Building

Previous ventilation systems.
What remodeling has taken place?
What were the prior uses?
Is asbestos a concern?
Is mold a concern?



Construction Materials

Wood Construction vrs Metal
Fire proofing material
Crawl spaces
Carpeting and wall coverings



Primary Uses

Is a manufacturing area included?
What is the occupant density?
Computer usage.
Has the primary usage changed?



Cleaning Practices

Who cleans the building?
When is the building cleaned?
Cleaning product storage.
Cleaning product MSDS information?



Symptom Surveys

Questionnaires vs. Interviews
Risk:  If problem not wide-spread, it will 
be after questionnaire
The survey must:

Cover a majority of the staff (80-90%).
Be pre-tested.
Eliminate bias.
Not suggest answers.
Not be a group effort.



Questionnaire Topics

Demographic Questions
Comfort Questions
Medication Questions
Diagnosed Illness Questions
Symptom Questions
Air Quality Control Questions
Job Satisfaction Questions



Comfort Factors

Complaint Low School High School
Cold 32% 73%
Hot 21% 50%
Stuffy 7% 52%
Moldy 14% 10%
Dusty 11% 23%
Noisy 0% 19%
Dry 11% 25%
Crowded 0% 17%



Typical HVAC System Problems

Design Problems
Construction Problems
Operator Problems
Renovation Problems
Occupant Problems



Ventilation System Evaluation
Visual inspection of System.
Carbon dioxide (tracer gas) 
measurements.
Look for the following:

Water infiltration
Maintenance history
General condition
Use of local exhaust
Placement of exhausts and intakes

























HVAC Systems
Air Filters

Low Efficiency: 10-20%
– Used to keep lint from clogging coils

Medium:   30-60%
– Used to remove bacteria, pollens, insects, soot, 

dust & dirt (often in combination with Low Eff.)

High:   85-95%
– Exceptionally clean – not usual for most buildings









HVAC Systems
Air Filter Considerations

Always use maximum system can handle 
(pleated type low Pressure Drop)
Keep log, replace regularly
– Inspect often for tears

Never, Ever Wet Filters
Make filters easy to access
– Not often case for fan coil, reheat units









Ventilation System 
Characterization

System Type
Constant Volume
Variable Air Volume
Unit Ventilators

Zones
Single Zone
Multi-Zone

Reheat or No Reheat
Ducts - Lined or Unlined













Unit Ventilators or 
Fan Coil Units

Not actually an air handling system.
Mount on outside wall.
Provide some filtration, conditioning, 
and movement.
May have independent or centralized 
heating & cooling
Induction units may provide outside air, 
others typically do not









Constant Volume Systems

Provides a constant supply airflow rate 
to zones with similar thermal loads.
Air temperature is controlled at the air 
handler or with reheat coils.
Outside air is determined by:

Outside air temp.
Damper settings
Temperature demand



Variable Air Volume Systems
Provides a constant temperature air to the 
duct system.
Air from the duct system is supplied to the 
zone to manage thermal load by the use of 
VAV boxes – common in multiple zone 
systems, like schools.
Under ventilation due to no minimum stop or 
max supple too low for loads in zone
Outside air is determined by:

Thermal demand of zone.
Outside air temperature.
VAV box and damper minimum settings.



Results of CO2 and ACH Sampling

 CV VAV UV 

Mean of CO2  715 ppm 666 ppm 573 ppm 

CO2 Range (ppm) 390 - 957 318 – 1,763 295 – 1,450 

% of Time > 1000 ppm 0% 11% 9% 

Mean ACH 4.6 2.8 2.7 

Range ACH 1.9 – 7.5 0.8 – 4.6 0.4 – 4.6 
 

 



Complaints by System Type

Type of Complaint More than
Expected

Less than
Expected

Too cold VAV CV
Individuals w/ complaints VAV
Eye Symptoms CV VAV
Headache Symptoms UV VAV
Nasal Symptoms UV VAV, CV
Throat Symptoms UV
Dustiness Complaints UV CV



HVAC Systems
Other Problem Areas

Heating & Cooling Coils
– Make sure condensation drains away
– If hot water not hot enough, causes OA to be 

reduced and cannot heat spaces well
Humidification Systems
– Avoid use when possible
– Keep % RH <60%
– If needed, use only clean steam injection type

Evaporative Coolers- also avoid



HVAC Systems
Other Problem Areas

System balancing a must
– ASHRAE 111-1988, every 3-5 yrs

Use unlined ductwork whenever possible
Check location, operation of diffusers
Check return air plenums for contamination
Insure sufficient makeup air for exhausted 
areas: toilets, cooking areas, parking garages



Source Identification

Look for the following:
Manufacturing areas
Print shops
Construction
Cleaning agents
Combustion products
Other:  pesticide treatment, 

– Chemical storage







Sampling

Initial Site Assessment
Secondary Sampling



Initial Site Assessment

HVAC system measurements:
Carbon dioxide, air flow.

Ambient air measurements
Carbon monoxide, carbon dioxide, 
temperature, relative humidity.







Secondary Sampling
Should only be conducted when:

Specific information is to be collected
Knowledgeable personnel are present

HVAC measurements
Tracer gas, duct velocities

Ambient Air
Chemicals - VOC’s, aldehydes, MVOC’s, 
odors, particulates, etc.

Bioaerosol Sampling
Medical monitoring



Why conduct tracer gas testing?

To determine air exchange rate for a 
building or area of a building.
To determine fresh air distribution for a 
building or area of a building.
To determine ventilation infiltration.
To determine exhaust system 
effectiveness.
To determine contaminant pathways



Tracer Gas Testing Methods

Tracer gas characteristics.
Tracer gas introduction methods:

Injection
Constant Flow
Duct injection
Hood Testing

Concentration measurement methods
GC
Infrared



Tracer Gas Testing Methods (Cont)

Tracer gas introduction:
Air Change Studies
Contamination Studies
Hood Studies



Results

What do results indicate?
Limitations!
Comparisons with carbon dioxide 
methods for ventilation.





Particulate Sampling

Methodology
Mass collection
Particle counters
Condensation nuclei counters

Results - What do they mean????
Mass
Mass/particle size
Particle numbers
Ratios





Particle Mass Conc., Cagewash, 2-29-2000
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Total Mass Conc, Powder-free Gloves, 8-30-2000
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Sampling complications
Interpretation of results is difficult.
Generally low probability of identifying a 
problem.
High cost
Grab samples may give non-typical results.
Source identification may not be possible
Source reduction will still need to be done.



Remediation

Increase outside air 
Decrease outside air
Control sources

Local exhaust ventilation
Elimination
Control devices

Contain construction or remodeling
Isolate manufacturing areas







Factors confounding IAQ 
investigations

IAQ Problems are the Sum of all stressors, 
other sources include:
Ergonomic problems
Lighting
Smoking policies
Comfort Complaints
Psychosocial issues
Other job stressors



Job Stressors 
Leading to Job Strains

Interpersonal Factors
– Social density too high/low
– Abrasive personalities
– Group pressure to conform

Physical Demands:  noise, light, temp/RH
Individual factors
– Behavior pattern, e.g., Type A
– Hardy personality styles
– Self esteem

Non-Work Factors: families, money, child rearing



Psychosocial Factor Studies
Cornell University
3-1\2 yr of 27 office buildings
40% of bldg occupants reported at least 1 
SBS symptom
No complaint correlation with extensive 
environmental measurements
High correlation of Symptoms with:
– Job Stress
– Job Satisfaction
– Perception of Indoor Air Quality



Psychosocial Factor Studies

Large Study by Bauer and Ryan
Correlation of SBS Symptoms with:
– Job Stress & Job Satisfaction
– Belief that health is adversely effected by building
– Perception of poor Indoor Air Quality
– Off the job strains and conflicts

Solution to Problem:  Form IAQ Committee with
– Employees
– Management
– Building Maintenance Personnel



How to Deal with 
Other Factors in IAQ

Many factors exist which are out of the hands of 
maintenance personnel alone-solve what you can
Problem must be addressed as a multifactorial one, 
not just looking for the smoking gun
Need for lots of communications at all levels, from 
first-line HVAC Tech, through building occupants to 
Building Manager
Get employees involved with the IAQ problems
As a last resort, find other work environments for few 
problem employees
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